Electronic Preprint for Journal of Information Processing Vol.30

Application of ICT to Support Sustainable

Fisheries Management: Bali Sardine Fishery, Indonesia

1,2,a) 3 2

MoHAMAD NATSIR Romy ARDIANTO?  RENY Puspasari?  Masaaki Wapa®

Received: August 20, 2021, Revised: November 11, 2021,
Accepted: December 14, 2021

Abstract: Information and communication technology (ICT) has become a potent tool with practical applications in
various sectors, including security, transportation, agriculture, and fisheries. This paper describes the implementation
and potential application of ICT to support sustainable fisheries management in sardine fishery in Bali, Indonesia.
Generally, the adaptive management framework in fisheries management consists of data collection, stock assess-
ment, management procedures, management measure development and implementation, monitoring, and evaluation.
In every step of the adaptive management process, ICT can be applied. A conceptual framework and its application in
the Bali Strait reveal the successful utilization of ICT to generate digital capture fisheries data through participatory
data collection using the MICT-L (Marine ICT-Landing) digital catch landing data recorder, IoT (Internet of Things)
GPS tracking devices, and a newly established online database. Digitalizing capture fisheries data is important to
achieve robust stock assessment and to guide policy recommendations and management measures based on key indi-
cators, such as total allowable catch (TAC) and spatial catch productivity. Furthermore, to emphasize the practical
implications of our results, we describe how the system increases engagement by fisheries managers and other stake-
holders and improves understanding and awareness about sustainable fish resource utilization by displaying indica-
tors in a smart dashboard for daily monitoring. We also describe technical constraints and issues during system im-
plementation such as GPS tracker transmission problems as well as non-technical considerations such as the

willingness of fishers to participate, which is important to achieve successful implementation.
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1. Introduction

Advances in information and communication technology
(ICT) have opened many possibilities for its application in vari-
ous sectors [1]. Information technology has revolutionized the
agricultural sector, especially in the areas of biotechnology and
seeding [2]. Studies have shown that ICT has benefited the agri-
cultural sector by increasing the efficiency of automatic harvest-
ing machines [3] and by improving plant genotyping in Indone-
sia [4].

The development of ICT in the fisheries sector worldwide, es-
pecially in fisheries monitoring and data collection, has been
documented previously [5], with the subsequent creation of steps
and procedures for designing and developing technology for

fisheries monitoring. This monitoring includes data collection,
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regulatory compliance, and vessel monitoring and is a critical
determinant of the success of fisheries management.

The use of ICT in fisheries data collection is increasing and
becoming a major trend worldwide, including in Indonesia. Rap-
id advances in ICT provide many possibilities for expanded ap-
plications, including the collection of real-time digital and accu-
rate fisheries data as well as data sharing between fisherman,
improved analysis of catch effort data, better spatial fish density
mapping and stock calculation, and improved fisherman liveli-
hoods through higher fishery incomes [6]-[8] and [9].

The overall objectives of the development and implementation
of ICT in Bali sardine fishery are to provide better stock assess-
ments to accurately estimate and visualize the stock conditions
and to develop a decision support system and management
framework. This can provide solutions for sustainable fisheries
management and recovery as well as the establishment of smart
fisheries, enabling data sharing and fisheries management inter-
action/engagement between stakeholders through ICT aimed at
realizing sustainability. Conceptual framework of fisheries man-
agement measures and harvest strategy development to achieve

sustainable fisheries through a robust estimation of the stock, de-
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fining the goal and setting up the measures are describe by [10].
This paper describes the application of ICT to support small-
scale sardine fishery management in Bali. First, in Section 2,
Bali sardine fishery, adaptive fisheries, existing applications of
ICT in fisheries and a conceptual framework for the application
of ICT in Bali sardine fishery are introduced. Then, Section 3
explains the detailed application of a database system as well as
how the ICT system has been developed in the Bali sardine fish-
ery. Section 4 summarizes the results of the practical implemen-
tation. Section 5 concludes the paper with an analysis of smart

fishery initiation and discusses areas for future work.

2. Related Work

2.1 Adaptive Fisheries Management

World capture fisheries production is increasing year by year.
However, the number of catches is currently steady at 90 million
tons because fish stocks in most areas of the world are overex-
ploited or collapsed. The aims of the United Nations’ Sustainable
Development Goal 14 was to effectively regulate harvesting and
end overfishing; to end illegal, unreported, and unregulated fish-
ing; to end destructive fishing practices; and to implement sci-
ence-based management plans to restore fish stocks in the short-
est time feasible—all by 2020, but currently the target is not yet
100% achieved, although significant improvement has been
made.

Adaptive fisheries management is a set of management ap-
proaches for addressing certain problems and overcoming issues
identified by assessments [10]. General adaptive fisheries man-
agement cycles are presented in Figure 1. Three major compo-
nents/cycles of harvest strategy formulation for data-poor fisher-
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Fig. 1 ICT roles in sustainable fisheries management, developed from the

adaptive fisheries management process described in [10].
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ies are monitoring (including data collection), stock assessment,
and management measures or control (decision rules). The con-
ceptual framework for the application of ICT in fisheries man-
agement will be based on this adaptive fisheries management
framework.

In this study, we evaluate how adaptive fisheries management
can be supported by the application of ICT, especially by in-
creasing the quality of data collection and bridging the gap be-
tween analysis results and stakeholder understanding by offering
tools or a platform for dissemination. The effects and constraints
on the implementation of the ICT system for the improvement of

fisheries management are also discussed.

2.2 Bali Sardine Fishery

Indonesian capture fisheries currently rank 3rd in production
worldwide, with total capture fisheries production of over 6 mil-
lion tons or 7.3% of the world catch. However, the fish stock in
Indonesia is mostly overexploited, and the government has con-
tinuously established new regulations and fisheries management
strategies to achieve sustainability [6], [11].

Bali sardine purse seine fishery was developed in the late
1970s. Sardine catch from purse seines provides raw materials
for canning factories located in the area surrounding the Bali
Strait such as Muncar and Pengambengan, protein sources for
the local market, and feed for mariculture, especially grouper
mariculture. The sardine catch in the Bali Strait increased con-
tinuously until the late 1990s and decreased thereafter. The Bali
sardine stock is currently overexploited and catches have de-
creased over the last 10 years. One recommendation [11] to re-
build the sardine stock is to improve data collection and analysis
in Bali sardine fishery. ICT is a promising approach for improv-

ing data collection.

2.3 Current Applications of ICT in Fisheries

A review of the literature on three countries that account for
significant contributions to the world catch and have already es-
tablished sustainable fisheries management practices (i.e., Ice-
land, Norway, and the United States) revealed that in order to
achieve sustainable fisheries management it is necessary to do
the following: obtain reliable and accurate data on fisheries; per-
form robust stock assessments and establish harvest strategies
and management measures; determine quota allocations and im-
plement the total allowable catch (TAC) or acceptable biological
catch (ABC) that ensure the catch does not exceed the maximum
sustainable yield (MSY); and establish a vessel and catch moni-
toring system to monitor regulatory compliance. These countries
already employ ICT for all aspects of fisheries management,

from data collection to stock assessment, management measures,
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and monitoring [12]-[14], and [15].

A previous study [8] has provided a good example of how the
application of ICT can benefit artisanal fisheries management
using the a digital diary system for catch monitoring, a GPS au-
tomatic transmitter, and GIS analysis. They visualized the cur-
rent exploitation status of fisheries and helped fishers community

to formulate a management policy to recover the stock condition.

3. Application and Database System Development
3.1 Conceptual Framework for the Application of ICT in
Bali Sardine Fishery

The roles of ICT in the support of sustainable sardine fishery
management in the Bali Strait were established based on adap-
tive fisheries management described previously [10]. Figure 1
summarizes the roles of ICT in the adaptive fisheries manage-
ment process. The first step is data collection to determine the
stock status. ICT contributes to data collection through the digi-
talization of capture fisheries data, development of an applica-
tion for participatory data collection, development of IoT devices
to monitor fishing vessels, and generation of a database to store
data.

The second step is the assessment of stock status and the anal-
ysis and simulation of management procedures/scenarios. ICT
contributes to the assessment through data queries as well as sta-
tistical, geo-statistical, and surplus production modeling to for-
mulate the sustainable harvesting level. After assessment, the
next step in adaptive fisheries management is the development of
management procedures. ICT uses the results as benchmarking,
simulates results, and provides a stakeholder platform to obtain
an acceptable strategy for implementation. ICT further contrib-
utes to implementation by dissemination through a smart dash-
board, applications, and social media as well as stakeholder ca-
pacity building by education and training to ensure that the
management measures are applied.

3.2 Digitalization of Landing Data

One of the data types collected to determine the stock condi-
tion is landing data. In 2018, we conducted field observations,
mini-workshops, and discussions with officers in fishing ports to
understand the existing data collection process. The Muncar and
Pengambengan fishing ports used paper-based data records, as
depicted in Figure 2. The paper-based data are then entered into
a web-based data entry platform and an Excel spreadsheet. To
digitalize the landing database, we developed an application to
be utilized like a simplified paper-based data recorder in which
the data are stored directly in the devices and database system.

In Figure 2, the MICT-L application menu are presented, the
menu is in Indonesian laguange to made the local operator from

Indonesia much more easier, on the first line there are 3 informa-
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Fig. 2 Paper-based landing recorder and MICT-L application.

tion displayed in the application, on left top conner is Day and
Date indicator, in the middle is recapitulation of total catch on
the day/date presented in kilogram in the menu is Indonesian
laguange “Total Produksi (kg)”, and on the right top corner there
is information about the total value of the catch on that day/date,
in Indonesian language “Total Nilai Produksi (Rp)”. On the
menu of the application first column is number indicating the
number of data inputed, second column is “nama kapal” (boat
name), jenis ikan” (fish species), “harga” (price), “produksi’
(amount of catch in kg), and “nilai produksi” (catch value), the
catch value is automatically calculated by the application from
the price and catch amount. In the bottom of the menu there is
“catatan” (note) to record the special remark during the data in-
put.

For landing data, an iOS-based application was developed,
named MICT-L (Marine ICT-Landing), as described in detail
in [16]. We describe the data flow and utilization in combination
with other data to produce useful information to support fisheries
management. Digitalization of capture fisheries landing data of-
fers several benefits, such as ease of data queries, minimization
of human errors during data input, simple storage compared with
paper-based data as well as ease of data summary and analysis
for various reporting purposes.

MICT-L data comprised six data fields: date, boat name, fish
species, catch amount, price, and total. Boat name and fish spe-
cies were pre-installed in the application database; accordingly,
the operator/officer only needs to tap on the fishing boat and
species list to narrow down candidates. Officers need to enter the
catch amount and price manually and the total price is calculated
automatically.

Before the data are stored in the database, the officer is able to
correct and verify it over a 30 day period. This window of time
is requested by the operator/officer; every month, data verifica-
tion and validation is conducted by all officers, and any neces-

sary corrections after verification and validation can be applied.

3.3 GPS Monitoring
A GPS tracker was installed as a vessel monitoring system to
understand the movements, behavior, and fishing grounds for

analysis of the origin of captured fish. Two types of GPS tracker,
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Trekfish and Globalstar Smart-One Solar, were installed on the
sardine fishing boats. Trekfish is a local GPS tracker produced
by a workshop in Indonesia, while Globalstar Smart-One Solar
is a rugged GPS produce by Globalstar in the United States.

A total of 20 Trekfish devices were installed in the fishing
boats, including 10 devices in the Muncar fishing port-based
vessel and 10 devices in Pengambengan fishing port-based ves-
sel. The Globalstar Smart-one Solar device was installed in eight
vessels, including four in Muncar and four in Pengambengan.
Both GPS tracker devices were self-powered using a battery and
solar panel instrument.

The Trekfish GPS tracker was initially set to automatically
transmit data every 2.5 min in order to provide detailed move-
ment information for the fishing vessel. However, because of the
limited battery life, this interval was changed to 5 min. The
Smart-One Solar devices were set to automatically transmit data
every 10 min in January 2021.

The transmitted data consisted of vessel ID, date, time, and
position (longitude and latitude). For Trekfish, additional infor-
mation about the battery level was transmitted. Ideally, we need
to install the devices in open and uncovered locations to ensure
that the solar panel can effectively harvest energy and connect
with the satellite or cellular network.

For good representation of fishing vessel samples and suc-
cessful installation, the top 30 most active vessels in both Pen-
gambengan and Muncar fishing ports were assessed beforehand.
After identifying candidates, we assessed the willingness of fish-
ers to participate in the program by creating a good relationship
and providing explanations to the fishers and boat owners. Some
fishers did not want to participate, not because they did not want
to be monitored but because they did not want to perform the ex-
tra work to maintain the devices. To address this issue, it is im-
portant to choose devices that require minimal or no mainte-

nance on these vessels.

3.4 Database Development

All data collected from MICT-L and the vessel monitoring
system/GPS tracker are stored in an online database platform,
developed based on PostgreSQL 11.11 and PHP, stored in an on-
line database server located at the Institute for Marine Research
Observation (IMRO) in Bali, Indonesia. The system design and
technology stack of the server specifications are presented in Ta-
ble 1.

A relational database from the MICT-L application to the da-
tabase was obtained using a relational database management
system (PostgreSQL 11.11), an open-source database software
run on Linux (Debian/10.9) capable of storing, querying, and

manipulating data. A dedicated online server, ThinkSystem
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Table 1 System design and technology stack.

Feature Description
Webserver Apache/2.4.38
Server script PHP/7.3.27
Database PostgreSQL/11.11
Server operating system Debian/10.9
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Fig.3 Catch landing and GPS tracker data collection.

SR650, was installed at IMRO to handle the database and system
for the smart fisheries. The data queries were conducted using
the PHP web-based application and tabulation, and the statistical
data analysis was performed using R open source statistical soft-
ware.

Figure 3 shows the overall concept of the data flow and data-
base arrangement for ICT-based data collection using the
MICT-L application and GPS tracker devices. Stored landing
and vessel position data in an online server can easily be queried
based on user needs. Different users may have different interests
and aims. Fishers may need information on potential fishing ar-
eas with high catches and information on fish price trends. Fish-
eries officers need landing data for daily, monthly, quarterly, and
yearly reports as well as catch monitoring. Researchers and lec-
turers will have different interests in the data and might combine
the information with another database for analyses and visual-
ization using a smart-dashboard system to inform managers and

other stakeholders (Figure 3).

3.5 Data Analysis Framework

The second process in adaptive fisheries management is as-
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sessment, including queries and analyses of data from the data-
base. As shown in Figure 1, we describe three analyses of fisher-
ies datasets, a descriptive statistical analysis of landing data,
geo-statistical analysis of spatial grid productivity, and surplus
production model analysis to assess the stock status and define
management measures. Figure 4 shows the data flow and analy-
sis framework for the assessment using the existing database and
published data.

Descriptive statistical analyses were conducted using R open-
source statistical software, and MICT-L landing data were di-
rectly queried and downloaded from the R console. Data were
checked and verified, especially boat name and species name;
although these items are pre-defined in the database, users/oper-
ators can input information manually, and errors occasionally
need to be corrected.

The second analysis type was a spatial grid productivity anal-
ysis using geo-statistical methods based on geographical refer-
ences. For this analysis, we used data extracted from MICT-L
and GPS tracker. Figure 4 described the process of combining
information from the MICT-L database and GPS tracker data-
base to evaluate the spatial productivity of Bali sardine fishery.
The MICT-L dataset consisted of six data fields (i.e., boat name,
date, price, fish species, catch amount, and total). The GPS
tracker database consisted of seven data fields (i.e., vessel_id,
date, time, position, direction, and speed).

To analyze spatial grid productivity, we first need to synchro-
nize the data fields from both databases. Because the MICT-L
database lacks the vessel_id field and the GPS tracker database
lacks the vessel_name field, we utilized a reference table con-
taining vessel_name and vessel_id from the installation process
to convert vessel_id into vessel_name. After vessel_id and vessel

name synchronization, we can obtain completed data for further
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spatial grid analysis. In spatial grid analysis, catches from fish-
ing vessel, represented by fish species, catch amount, and date
fields from the MICT-L database, can be assigned to a certain
grid based on the geographical position of the vessel extracted
from the GPS Tracker database, represented by position and date
fields.

The third analysis is the yearly catch and effort analysis using
surplus production modeling. As described in [17], four sources
of time series data were utilized, namely previously published
yearly catch effort data [18], a doctoral thesis [19], and Muncar
and Pengambengan fishing port statistical reports [20], [21].
Complete yearly catch—effort data and data sources are presented
in Appendix 1. The sustainable harvesting level of the Bali sar-
dine fishery was determined using a non-equilibrium surplus
production model that utilizes the ASPIC tools [22]. Using the
estimation from the surplus production model combined with the
MICT-L database, we analyzed the current exploitation status of
the sardine stock by comparing the cumulative catch from the
database. Figure 4 provides an overview of the data flow for
analysis of sustainable harvesting levels and stock status as well

as management measures.

3.6 Smart Dashboard

The dissemination of analysis results is a crucial step in suc-
cessful fisheries management. All stakeholders need to be given
interpretable analysis results; without proper dissemination,
downstream processes cannot be implemented. One initiation for
dissemination is the development of a smart dashboard to dis-
play real-time landing data and to monitor the exploitation level
using analysis results. The smart dashboard provides information
for fishers, managers, traders, and academia. The simple interac-
tive visualization of results will ensure a good understanding of
the current stock condition and increase awareness about sus-
tainable fisheries.

A smart dashboard system was developed on the Android
platform. The application conducts real-time queries directly
against the MICT-L database and performs data manipulation
and statistical calculations. Results are presented in a simple

graphical display for stakeholders.

4. Results and Discussion

4.1 Database Overview and Descriptive Statistics

From its development in 2018 up to July 2021, the MICT-L
database included 19,795 individual landing data records from
both the Muncar fishing port and Pengambengan fishing port
(Figure 5). The average data entry rate for MICT-L was 347 re-
cords per month and the active fishing duration in Bali Strait was

around 20 days, for an average of only 15-20 landing records
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per day, depending on conditions.

Trekfish GPS tracker devices were installed on November
2019, with 543,060 GPS tracker positions. In 2020, GPS tracker
data were substantially reduced due to device-related issues, es-
pecially battery failure. Beginning in February 2021, after re-
pairs and reinstallation, the data increased again (Figure 6).
Since the installation in February 2021, 98,641 positions from
Globalstar SmartOne Solar were recorded. The monthly average
data acquisition size was 32,085, and the online server database
platform successfully recorded the data from the installed IoT
devices and application.

The reliability of the GPS tracker is crucial to the success of
system implementation. From experiences in the Bali Strait, the
satellite-based model shows better performance than the cellular-
based GPS tracker; to avoid issues with data acquisition, it is
recomemended to use a highly reliable GPS tracker for a good

data transfer rate.

4.2 Data Queries and Analysis
Sustainable Harvesting Level Calculation

In Table 2 depicted the optimal sardine production and fishing
efforts in sardine fishery in the Bali Strait [17]. MSY for the Bali
sardine fishery was 28,540 tons per year with 10,790 trips per
year, this point of estimation then use as TAC level in the ex-
ploitation level monitoring.

The smart dashboard was developed using this baseline infor-

© 2022 Information Processing Society of Japan

Table 2 Optimal sardine production and fishing efforts in sardine fishery
in the Bali Strait [17].

. Point
Parameter (Symbol) Units .
estimate
Maximum sustainable yield (MSY)  tons 28,540
Fishing effort at MSY (fumsy) trips 10,790

mation (point estimation); we used TAC to monitor the yearly
catch, regardless of whether the cumulative catch is under the
TAC level or already reached this point. To improve the dissemi-
nation of the results and increase awareness by stakeholders
about the sustainable harvesting level, on the smart dashboard,
we set a green line limit at below 80% TAC, a yellow line limit
above 80% TAC, and a red line limit at 100% TAC. The TAC
levels are recalculated on a yearly basis and updated accordingly.
Spatial Productivity

Spatial analysis of the catches and fishing ground position
were based on 4 X 4 km size grids developed by IMRO, total
348 grids were coded and assigned. Appendix 2 shows the grid
arrangement. Grid code start with the number 01 in the west part
and the numbering continue until 30 in the eastern direction. Al-
phabetic code start with A in the sourthest part and continue until
T in the northern direction. The synchronization and statistical
calculation (i.e., total catch per grid and number of fishing oper-
ations (visits) per grid) were determined using R open source
statistical tools. The analysis results were then visualized using
QGIS open source GIS software to describe the catch productiv-
ity in the Bali Strait [16].

A total of 171 pairs of catch and grid data were obtained from
19,795 landings in the MICT-L database and 641,701 GPS
Tracker positions. Figure 7 shows the spatial grid productivity
based on the total catch and number of fishing operations in a
dedicated grid. Grid 24L in the western part of the Bali Strait
near Tabanan Beach had the highest total catch. The total catch
in 24L was 90,893 kg, and this grid also had the higher number
of fishing operations; fishers often conducted fishing operations
in this location to obtain a high catch. The monthly productivity
grid in Appendix 3 shows different total catch patterns; in No-
vember, grids 25H and 26G showed the highest and second
highest total catch, respectively, while in December, grids 14P
and 27H had the highest total catch.

In February, grids 15R and 23K showed the highest total
catch, while in March, the highest total catch was observed in
grids 18Q and 15R. In April, grids 24L and 23L had the highest
total catch. In May, grids 22N and 24L showed the highest total
catch. In June, the highest total catch occurred in grids 23M and
22K. In July, grids 23K and 24J showed the highest total catch.

This variation can be related to the fishing season and seasonal
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and processed from the MICT-L database and GPS Tracker data-
base. Upper panel indicates the total catch for each grid; lower panel

shows the number of fishing operations in each group.

variability. Spatial grid productivity has been estimated by using
chlorophyll and sea surface temperature distributions in previous
studies [23] and [24]. However, this grid catch productivity in-
formation was considered new information for the Bali Strait
fisheries because no study has been capable of obtaining and an-
alyzing grid productivity. Previous studies of the spatial distribu-
tion of effort and catch estimation and prediction have used sat-
ellite data including surface temperatures, vessel light detection,
satellite images, and chlorophyll estimation.

The application of ICT and newly developed database can
provide real catch information based on grid locations. This in-
formation can be utilized for spatial-based resource manage-
ment, including permanent and seasonal area closure recommen-
dations, and makes it possible to analyze relationships between
environmental conditions, fish distribution, and catch productivi-
ty. Furthermore, the analysis can enhance the existing fishing
ground prediction and support the fishing efficiencies of the fish-

ers.
4.3 Smart Dashboard

Figure 8 shows the newly developed smart dashboard display.

The smart dashboard display consists of five main tabs/menus:

© 2022 Information Processing Society of Japan
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daily information, price information by species, monthly catch,
daily vessel activities, and cumulative catch information. The
beta version (version 1.0) of the smart dashboard display and
menus are described in [16]. This study presents the next version
of the smart dashboard, with additional information displayed on
the menus. Point A in Figure 8 shows the current exploitation
level; this information was obtained and analyzed by comparing
the cumulative catch to the present time with the TAC level for
the current year. Point B shows the yellow line indicating 80%
TAC and C shows the red line indicating 100% TAC.

Sustainability in fisheries refers to the healthy maintenance of
stock such that fishing activity can be continued as well as the
ability of fishers to maintain their livelihood by earning income
from their catches. In practical terms, sustainability will be
achieved if we extract fish at less than or below the naturally oc-
curring level every year. The estimation of the sustainable har-
vesting level is displayed on the smart dashboard, enabling man-
agers and fisherman to determine their current exploitation status
relative to the limit.

The smart dashboard was successfully developed using infor-
mation from the databases. This smart dashboard can be a
game-changer in sustainable fisheries management by providing
important management measures (e.g., TAC and current ex-
ploitation level) to stakeholders based on a robust estimation,
presented in a simple way that increases understanding.

Although the application of ICT in this study was not yet
complete and is limited to a specific location (Bali Strait in Indo-
nesia) and to specific fisheries (i.e., sardine fishery), the system
already shows promising results, demonstrating its contribution
to sustainable fisheries management. The main benefits of this
system are the migration from paper-based data recording to
electronic recording and the use of a database platform, thereby
improving data validation and verification as well as data quality.

The system also increases the awareness among fishers about
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Fig. 9 Fisheries officer in the Muncar fishing port conducting regular data

entry using the MITC-L application.

the importance of data collection, data analysis, and assessment
as well as sustainable fishing practices by disseminating landing
monitoring results and indicators via the smart dashboard sys-
tem. However, fishery performance has not yet improved bea-
cuse the system is not yet fully implemented (especially with re-
spect to policy formulation and implementation).

Fishers and fisheries officers actively participated in the data
collection (Figure 9) and were eager to obtain analysis results
and visual representations. Some fishers requested the applica-
tion to track their vessel position using their Android-based
smartphone. Stakeholder enthusiasm showed that engagement in
the fisheries management process and willingness to participate
increased.

Positive results and lesson learned from this study provide
good examples and a basis for the implementation of a similar
system in other areas and fisheries and for scaling-up the scope

of implementation to larger areas and more species of interest.

5. Concluding Remarks

The system developed in this study makes an important con-
tribution to fisheries management. This study successfully
demonstrated a complete framework and process for smart fish-
ery development, including the digitalization of data acquisition,
the development of a database storage system, data analysis or
assessment, and disseminating analysis results to stakeholders
by using a simple smart dashboard display. The three main
stakeholders of sardine fishery—fisheries managers, fishers, and
researchers—can utilize and benefit from the smart fishery sys-
tem (i.e., to increase awareness and the level of understanding of
sustainable fisheries management and to implement management
measures at the fisheries).

Future work includes continuous data collection, increasing
the data obtained from the GPS Trackers-IoT devices and

MICT-L application, analyzing relationships between environ-

© 2022 Information Processing Society of Japan

mental conditions and the fish distribution and catch productivi-
ty, improving fishing ground prediction accuracy using a combi-
nation of satellite data and real-time catch productivity,
supporting fishing efficiency, and developing support systems
for the formulation of capture fisheries policy recommendations.
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Appendix
No | Year | Catch (Tons) | Number of Trips | CPUE (Tons/trip) | Data sources
1 1980 17,281 14,003 1.2341 [18]
2 1981 20,768 21,242 0.9777 [18]
3 1982 37,957 18,393 2.0637 [18]
4 1983 47,154 15,221 3.0980 [18]
5 1984 31,848 13,646 2.3339 [18]
6 1985 14,653 6,751 2.1705 [18]
7 1986 31,383 29,797 1.0700 [18]
8 1987 11,395 9,909 1.1500 [18]
9 1988 34,860 10,075 3.4600 [18]
10 | 1989 32,600 12,302 2.6500 [18]
11 1990 53,255 14,752 3.6100 [18]
12 1991 44215 16,196 2.7300 [18]
13 1992 33,181 19,363 1.7136 [18]
14 | 1993 46,031 16,381 2.8100 [18]
15 1994 44,516 14,268 3.1200 [18]
16 | 1995 37,699 19,030 1.9810 [18]
17 1996 38,661 19,955 1.9374 [18]
18 1997 46,244 13,443 3.4400 [18]
19 1998 31,214 30,013 1.0400 [18]
20 | 1999 11,865 10,055 1.1800 [18]
21 | 2000 11,408 9,200 1.2400 [18]
22 | 2001 17,941 13,592 1.3200 [18]
23 | 2002 29,338 30,447 0.9800 [18]
24 | 2003 43,951 9,037 4.8635 [19]
25 | 2004 21,107 33,453 0.6309 [19]
26 | 2005 20,020 17,627 1.1358 [19]
27 | 2006 62,620 21,917 2.8571 [19]
28 | 2007 79,828 55,091 1.4490 [19]
29 | 2008 50,246 54,107 0.9286 [19]
30 | 2009 59,133 53,329 1.1088 [19]
31 | 2010 32,340 10,197 3.1715 [20] & [21]
32 | 2011 3,211 12,557 0.2557 [20] & [21]
33 | 2012 5,351 7,364 0.6804 [20] & [21]
34 | 2013 9,802 5,495 1.7838 [20] & [21]
35 | 2014 22,242 6,306 3.2680 [20] & [21]
36 | 2015 26,305 34,561 0.7611 [20] & [21]
37 | 2016 15,101 21,381 0.6901 [20] & [21]
38 | 2017 131 15,522 0.0085 [20] & [21]
39 | 2018 1,906 23,152 0.0823 [20] & [21]
40 | 2019 26,073 47,343 0.5507 [20] & [21]

Fig. A-1 Yearly catch, effort (Number of trip), CPUE, and data sources.
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Fig. A-2 Grid arrangement for the spatial analysis.




Electronic Preprint for Journal of Information Processing Vol.30

Total Catch (in Kg)
200 - 7000
7000 - 14000
14000 - 21000
21000 - 28000
28000 - 35000
35000 - 50000

IREB00

ne 00 € 4 500 €

ne 0o € e w00 €

Total Catch (in Kg)
200 - 7000
7000 - 14000
14000 - 21000
21000 - 28000
28000 - 35000
35000 - 50000

IREE00

18 100 €

116 300 €

Total Catch (in Ka)

200 - 7000
7000 - 14000
14000 - 21000
21000 - 28000
28000 - 35000
35000 - 50000

| 1§ Jofugn

0 10 2 0km
I —

1 300 €

Fig.A-3 Spatial catch productivity by month.
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